For the in silico analysis of p.V1363M, seen in Patient 1, topology of the protein encoded by CACNA1C (Ca v 1.2) was predicted and plotted using Protter (Omasits, Ahrens, Müller, & Wollscheid, 2014) . Subsequently, we identified the orthologues of Ca v 1.2 using reciprocal blast approach in Chordata species in the Uniprot Proteome database. These orthologues were aligned using Clustal Omega (Sievers et al., 2011) and manually inspected to remove sequences with significant gaps. The resulting sequence alignment was visualized using Jalview (Waterhouse, Procter, Martin, Clamp, & Barton, 2009 ).
Finally, we predicted the three-dimensional (3D) structure of Ca v 1.2 using rosettaCM (Song et al., 2013) and Ca v 1.1 as a template (PDB ID: 5GJV_A). p.V1363M and selected pathogenic variants from ClinVar (Landrum et al., 2016 ) associated with Timothy syndrome were mapped onto the predicted structure and visualized in Pymol (The PyMOL Molecular Graphics System, Version 2.0 Schrödinger, LLC, New York, NY).
| RESULTS

| Clinical report for Patient 1 (Family 1)
She was born at 38 weeks of gestation to a nonconsanguineous 33-year-old mother and a 30-year-old father. Maternal and paternal ancestry was English and Ukrainian, respectively. She had a healthy twin brother and an older brother. Apgar scores were 8 and 9 at 1 and 5 min, respectively. Growth parameters at birth included a weight of 2.4 kg (z score −1.93), length of 40.6 cm (z score −3.92), and an occipitofrontal circumference of 31.8 cm (z score −1.84). Following birth, she was hospitalized for 2 days for evaluation of hypoglycemia (30 mg/dl) and multiple congenital anomalies. She was found to have profound axial and appendicular hypotonia, laryngomalacia with stridor, bilateral clubbed feet, bilateral 3-4 finger and 2-3 toe syndactyly, and camptodactyly. Dysmorphic facial features included micrognathia, downturned corners of the mouth, frontal bossing, very scant hair, and bilaterally inverted nipples ( Figure 1a) . Ophthalmological evaluation demonstrated mild optic nerve hypoplasia. In addition, she had severe gastroesophageal reflux, constipation, and anal stenosis which required sequential dilation. A rectal biopsy ruled out Hirschsprung disease. At 8 months, she required a gastrostomy tube because of severe dysphagia. At 18 months, she lacked progression of developmental milestones and had profound hypotonia and inability to visually track or fixate. In addition, she had severe disturbances of her sleep-wake cycle. Her seizures started within a few hours of birth with numerous subtle tonic seizures as well as prolonged tonic and tonicmyoclonic seizures per day. She was initially treated with zonisamide, with no response. At 3 months, she was diagnosed with epileptic tonic spasms and did not respond to multiple anti-epileptic drugs including Three pathogenic variants, p.G402S, p.G406R, and p.A1473G in the sixth TMH have been associated with Timothy syndrome. p.G402S and p.G406A were shown to cause reduced channel inactivation, and thus calcium overload in cells (Splawski et al., 2004 (Splawski et al., , 2005 . The fifth TMH in each domain is packed directly against the sixth TMH and position 1,363
is facing toward the sixth TMH. A change from valine to methionine, a larger residue, likely disrupts the protein structure in the sixth TMH, affecting the gating or calcium transmission of Ca v 1.2.
| Clinical report for Patients 2 and 3 (Family 2)
In Family 2, Patient 2 was born at 39 weeks of gestation to a nonconsanguineous 19-year-old mother and a 24-year-old father (Patient 3) Ca v 1.2 is evolutionally conserved protein that is expressed in the heart, brain, lungs, and smooth muscles and is critical for Ca 2+ signaling, cellular and neuronal excitability, muscle contraction, and regulation of gene expression (Dai, Hall, & Hell, 2009; Hedley et al., 2009 ).
The variable clinical spectrum summarized in Table 1 ( Antzelevitch et al., 2007; Boczek et al., 2015; Corona-Rivera et al., 2015; Etheridge et al., 2011; Fukuyama et al., 2014; Gillis et al., 2012; Liu et al., 2017; Sepp et al., 2017; Splawski et al., 2004 Splawski et al., , 2005 Wemhöner et al., 2015) may be accounted for by the numerous isoforms generated by alternatively spliced exons, variable expression of different transcripts in tissue, and the variant's location in the protein and structural domain of the Ca v 1.2 channel. For example, in some individuals it is predominantly confined to the heart as seen in Brugada syndrome, whereas in others there is a predominant neurologic phenotype as seen in Patient 1. In the brain, Ca v 1.2 is predominantly expressed in the hippocampus, thalamus, cerebral cortex, suprachiasmatic nucleus, and cerebellum (Berger & Bartsch, 2014; Nahm, Farnell, Griffith, & Earnest, 2005; Obermair, Szabo, Bourinet, & Flucher, 2004) . As the thalamus and hippocampus are important structures for rhythmicity on EEG (Steriade, McCormick, & Sejnowski, 1993) and the suprachiasmatic nucleus plays a critical role in circadian rhythms, this could be the biologic underpinnings of disturbed circadian rhythm and seizures observed in some individuals with CACNA1C-related disorders. Additional neuropsychiatric impairment such as developmental delay and autism are reported in patients with Timothy syndrome (Splawski et al., 2004 (Splawski et al., , 2005 . In contrast, seizures are rarely reported in CACNA1C-related disorders with only three previously reported individuals prior to our case series (Boczek et al., 2015; Gillis et al., 2012; Splawski et al., 2005 Note. GRCh37/hg19 assembly and NM_000719.6 was used as the reference sequence for all variants with the exception of NM_001167625.1 for (c.1216G>a, p.G406R)* which leads to an alternatively spliced product. Abbreviations: GDD = global developmental delay; Het= heterozygous; LQTS = long QT syndrome; MI = maternally inherited; PI = paternally inherited; SCA = sudden cardiac arrest.
features, and sleep disturbances; however, she lacked cardiac abnor-
